
3. Interferometric structural models

Spike model Low-rankness
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4. Numerical experiments

Transition "cube".

Conclusion

▻ Potential for computational cost reduction.
▻ Theoretical guarantees. 
▻ First experimental results ⇒ Proof of concept. 
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5. Real experiments
Recover piecewise constant object solving   

▻ Reconstruction limited by FOV  
  ⇒ compute SNR in FWHM of envelope region.
▻ Both GT and estimate intensities are renormalized to [0,1].
▻ SNR: 11dB. 
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How to see neurons firing?

▻ With the least invasivity.
▻ Image at microscale, in depth.

Lensless endoscopy!
Solution:

▻ The cores define a set Ω critical for the sensing ⇔ speckle illumination.

▻ Field-of-view ⇔ speckle illumination diameter ⇔ core mode field.

▻ Far-field assumption: MCF diameter Sample-Distal End distance.

▻ SLM controls the light injected in each core of the MCF.

▻ The cores are aranged in a Golden Fermat's spiral [1].

▻ The light reflected/reemitted by the sample is     
    integrated in a single-pixel detector.

References
[1] S. Sivankutty, V. Tsvirkun, G. Bouwmans, D. Kogan, D. Oron, E. R. An- dresen, and H. Rigneault. Extended field-of-view in a lensless 
endoscope using an aperiodic multicore fiber, Optics Letters, 41 (2016), p. 3531
[2] E. Candès, J. K. Romberg, and T. Tao. Stable signal recovery from incomplete and inaccurate measurements. Comm. on Pure and Applied 
Math., LIX:1207–1223, 2006.
[3] S. Guérit, S. Sivankutty, J. Lee, H. Rigneault, L. Jacques. Compressive Imaging Through Optical Fiber with Partial Speckle Scanning. SIAM 
Journal on Imaging Sciences, 2021.
[4] Y. Chen, Y. Chi, and A. J. Goldsmith. Exact and stable covariance estimation from quadratic sampling via convex programming. IEEE 
Transactions on Information Theory, 61(7):4034–4059, 2015.
[5] T. Cai, A. Zhang, et al. Rop: Matrix recovery via rank-one projections. Annals of Statistics, 43(1):102–138, 2015.

An Interferometric view of Speckle Imaging

Andresen, Esben Ravn et al. (201 6) . “Ultrathin endoscopes
optics: a status review and perspectives”. In: Journal of

Sivankutty, Siddharth et al. (201 8) . “Nonlinear imaging thr
f ber”. In: Optics letters 43. 1 5, pp. 3638–3641 .

with thePSF withmultiple satellitepeaks associa
hexagonal array [Fig. 1 (c)]. We also highlight in
the hexagonal array, the axial diffracted intensity
picted in Fig. 2(a), which exhibit intenseon-axis
foci. Incomparison, theintensity patternof theF
exhibitsnosuchself-imagingofthearrayitself, and
on/off-axis foci appear inFig. 2(b). This is thekey
aperiodicity offeredby theFermat’s spiral ensures
commonpositions inspacewhereall thebeamlets
duetothegeometricreasons(seeVisualization1 ). T
Figs. 1 (c) and1 (d) wheretheenergyof theinciden
localizedtosix intensesatellitefocal spotsoccupyin
areaof 48 μm2, whereas it isdistributedover an
of240μm2 fortheFermat’sspiral. Hence, givenou
tal constraints, weidentify theFermat’sspiral asa

Andresen, Esben Ravn et al. (201 6) . “Ultrathin endoscopes based on multicore f bers and adaptive
optics: a status review and perspectives”. In: Journal of biomedical optics 21 . 1 2, p. 1 21 506.

Sivankutty, Siddharth et al. (201 8) . “Nonlinear imaging through a Fermat’s golden spiral multicore
f ber”. In: Optics letters 43. 1 5, pp. 3638–3641 .

Andresen, Esben Ravn et al. (201 6) . “Ultrathin endoscopes based on multicore f bers and adaptive
optics: a status review and perspectives”. In: Journal of biomedical optics 21 . 1 2, p. 1 21 506.

Sivankutty, Siddharth et al. (201 8) . “Nonlinear imaging through a Fermat’s golden spiral multicore
f ber”. In: Optics letters 43. 1 5, pp. 3638–3641 .

LJ and OL are funded by Belgian National Science 
Foundation (F.R.S.-FNRS). 
Part of this research is funded by the Fonds de la 
Recherche Scientifique– FNRS under Grant n◦ T.
0136.20 (Learn2Sense).

People

* ISPGroup, ICTEAM, UCLouvain, Belgium

† Institut Fresnel, Marseille France

‡ CNRS, Université de Lille O. Leblanc* H. Rigneault S. SivankuttyM. Hofer L. Jacques*

Acknowledgment

2. Interferometric sensing model
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